Abstract. This paper mainly introduces a Cirloc3D-vision location method used in robot tube plate welding. The visual position system uses a point laser sensor to measure the photo height, and can through three points to ensure a place to correct the camera posture. The captured image is used to extract the location information by the template matching method and searching the center of a circle's method. Then the information is sent to the robot and leads the robot to run to the specified position. Finally the welding gun at the end of the robot begins to perform the precision welding of the tube plate. This method is fast and accurate, so it can provide accurate position and orientation information for six axes industrial robots.
Introduction
At present, industrial robots have been widely used in many fields, such as automobile and automobile parts manufacturing, machining industry, electronic and electrical industry, rubber and plastic industry, food processing, logistics and so on. The flexible automation production line with industrial robot as the core has become the mainstream of manufacturing automation. At present, most of the traditional industrial robots in service are teaching and reproducing-the action and precision of the operation Are guaranteed by 'human eye'. Based on the robot vision guidance and the eye of the robot, it is the basic condition to realize the automation. In the field of welding, there are the following problems such as the poor working conditions, high requirements for welder technology, unbeautiful appearance quality of welds, slow speed of welding, low efficiency, large amount of welding, high labor intensity, low qualification rate, and the quality and duration of the equipment can't be guaranteed, etc. The tube plate automatic welding system can solve the above problems, and the visual positioning as the key technology in this system, the accuracy of visual positioning determines the accuracy of the system [1] . In this paper, aiming at the easy deformation of tube plate in tube plate welding and the difference of tube or pull rod size in tube plate, a visual positioning method for robot automatic tube plate welding is proposed. This method combines point laser technology with the monocular camera acquisition image processing technology, and solves the six axis industry with high precision and efficiency. The robot's vision positioning method solves the technology of vision precise positioning in the robot's automatic welding tube plate system. 
Working Principle

System Component
The visual system in the robotic tube plate automatic welding system is composed of a point laser sensor, a monocular camera and a light source, which consists of a 3D visual processing system. The vision processing system detects the height through the laser sensor, and collects the picture by the monocular camera to the PC machine to preprocess the picture and extract the effective information in the image to locate. The visual system used in the whole automatic welding system and can complete the automatic welding of robot tube plate. This method is suitable for locating vision system of tube or rod on tube plate. The camera and point laser sensors used in the operation process, as well as CAD drawings and workpieces, they are need to be calibrated in advance [2] . In this paper, the relationship between the point laser sensor and the robot is demarcated firstly. Then the relationship between the point laser and the robot is calibrated by the point laser sensor. Last, it calibrates the relationship between the CAD drawing and the workpieces [3] [4] .
Operation Flow Chart
Visual Location Algorithm
In this application system, the robot 2D plane vision sensing technology and laser range finding technique used by robot intelligent sensing technology can realize rapid and accurate detection of many characteristics of hollow circular hole and solid cylinder, and can feed back the identification parameters of tube plate and tube hole to control system. The visual localization algorithms are mainly divided into rough position and precision position used for processing the captured images, which ensure the accuracy of positioning [5] [6] .
Key Technology
In this application system, the robot 2D plane vision sensing technology and laser range finding technique used by robot intelligent sensing technology can realize rapid and accurate detection of many characteristics of tube and rod, and can feed back the identification parameters of tube plate to the control system. The automatic calibration process mainly uses laser sensor technology to calibrate the position relationship between the drawings and the workpiece. The calibration process uses the laser signal to select the original point and X and Y in two directions on the workpiece, and they correspond to the original and direction information on the CAD drawing. Then it establishes the relationship to realize the mapping of the information of the CAD drawing and the workpiece. Similarly, the corresponding relationship between the image coordinate system and the robot coordinate system should be established.
In this paper, the visual positioning method of robot tube plate welding adopts the method that combination the point-laser and the camera. This method solves the precise positioning of the tube plate for welding.
The method is as follows: 1. The First step is calibrating the laser parameters; 2. Secondly, it is calibrating the coordinate transformation of the images, robots and lasers. 3. Calibrating the relationship between CAD drawings and welded parts. 4.The robot measures the workpiece's plane using the point-laser and adjusts the pose. 5. This step is processing the images. The vision algorithm uses the template matching to locate the location of the coarse positioning circle, and then accurately locate the center position by searching the boundary of the circle.
6.This step is sending the robot positioning value and guiding the robot to perform the welding work at the specified position.
The Advantages of the CirLoc3D-Vision Location Method
In this paper, the visual precise positioning method of automatic welding system for robot tube plate is provided. This method uses the point laser technology to find the plane of tube plate and adjust the position of the camera. Secondly, the image is located in a rough location and precise positioning with the processing technology of two-dimensional image, and it can give the position and posture information of the robot is quickly and accurately and guide the robot to reach the designated location to perform precision welding work.
Summary
This paper presents a vision accurate positioning method for tube plate automatic welding system with the robot. In this method, the point laser technology is used to find the plane of the tube plate and adjust the position and posture of the photographing. Secondly, the image is located in a rough location and precise positioning using the processing technology of two-dimensional image, and the position and posture information of the robot is given quickly and accurately, and the robot can reach the precise welding work at the designated position.
This method uses the point laser sensor and the surface array camera, the lens and the light source to make up the 3D visual processing system, which realizes the three-dimensional center point position of the tube or rod on the whole course, and the guidance robot implements the precision welding. The method is accurate and fast, and it can replace human eye location and realize automatic operation.
Experiment
In this experiment, we use several common pieces of workpiece, which the tube's diameter of 55cm, 40cm, 37cm and 16cm, and perform welding work. Each piece of work is used do the experiments for three different positioning methods. In the experiment, the human eye location mode, the single camera positioning mode and the CircleLoc3D mode of this paper are carried out respectively. The experimental results show that this method has the advantages of fast positioning speed and accurate positioning compared with the traditional positioning method and monocular positioning method. 
